US 20100296345A1

a2y Patent Application Publication o) Pub. No.: US 2010/0296345 A1

a9 United States

MAEJIMA et al.

43) Pub. Date: Nov. 25, 2010

(54) SEMICONDUCTOR MEMORY DEVICE
WHICH INCLUDES MEMORY CELL HAVING
CHARGE ACCUMULATION LAYER AND
CONTROL GATE

Hiroshi MAEJIMA, Milpitas, CA
(US); Makoto Hamada, Mountain
View, CA (US)

(76) Inventors:

Correspondence Address:

OBLON, SPIVAK, MCCLELLAND MAIER &
NEUSTADT, L.L.P.

1940 DUKE STREET

ALEXANDRIA, VA 22314 (US)

Appl. No.: 12/848,762
Filed: Aug. 2, 2010
Related U.S. Application Data

@
(22)

(63) Continuation of application No. 11/955,831, filed on

Dec. 13, 2007, now Pat. No. 7,782,673.

Publication Classification

(51) Int.CL

G1IC 16/06 (2006.01)
(52) Ul oo 365/185.23
(57) ABSTRACT

A semiconductor memory device includes memory cells, a
source line, a word line, a bit line, and a driver circuit. The
memory cells are formed on a semiconductor layer and have
a charge accumulation layer and a control gate on the charge
accumulation layer. The word line is connected to gate of the
memory cell. The bit line is electrically connected to a drain
of'the memory cell. The source line is electrically connected
to a source of the memory cell. The driver circuit varies
potential of the semiconductor layer in conjunction with
potential of the source line.
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SEMICONDUCTOR MEMORY DEVICE
WHICH INCLUDES MEMORY CELL HAVING
CHARGE ACCUMULATION LAYER AND
CONTROL GATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Ser. No.
11/955,831 filed Dec. 13, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
memory device. For example, the present invention relates to
a semiconductor memory device including memory cells
each having a charge accumulation layer and a control gate.
[0004] 2. Description of the Related Art

[0005] Electrically erasable and programmable read-only
memories (EEPROMs) are known as nonvolatile semicon-
ductor memories that allow data to be electrically rewritten.
NAND flash memories are known as EEPROMs that allow an
increase in capacity and degree of integration.

[0006] A flash memory senses data depending on whether a
memory cell is turned on or off when a voltage is applied to a
corresponding word line. Turning on the memory cell allows
current to flow from a corresponding bit line to a correspond-
ing source line. This raises the potential of the source line.
[0007] A NAND flash memory reads data from a plurality
of memory cells at a time. Thus, the level of a rise in the
potential of the source line varies depending on the number of
memory cells turned on. A particularly high rise in potential
reduces the difference in potential between the source line
and the bit line. This may cause erroneous data reading. Thus,
for example, Jpn. Pat. Appln. KOKAI Publication No. H11-
96783 discloses a method of varying the potential of the word
line depending on the potential of the source line.

[0008] However, this method may not be sufficient as mea-
sures for preventing possible erroneous data reading.

SUMMARY OF THE INVENTION

[0009] A semiconductor memory device according to an
aspect of the present invention includes:

[0010] a plurality of memory cells formed on a semicon-
ductor layer and having a charge accumulation layer and a
control gate formed on the charge accumulation layer;
[0011] a word line connected to the control gate of the
memory cell;

[0012] a bit line electrically connected to a drain of the
memory cell;

[0013] asourcelineelectrically connected to a source of the
memory cell; and

[0014] adriver circuit varying potential of the semiconduc-
tor layer in conjunction with potential of the source line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1is ablock diagram of a flash memory accord-
ing to a first embodiment of the present invention;

[0016] FIG.2is asectional view of a NAND cell according
to the first embodiment of the present invention;
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[0017] FIG. 3 is a graph showing the possible distribution
of'the threshold voltage of a memory cell provided in the flash
memory according to the first embodiment of the present
invention;

[0018] FIGS. 4 to 6 are circuit diagrams showing the
NAND cell and a well driver according to the first embodi-
ment of the present invention, wherein FIG. 4 shows data
programming,

[0019] FIG. 5 shows data reading, and
[0020] FIG. 6 shows data erasure;
[0021] FIG. 7isa graph showing variations in the potentials

of'a source line, a word line, and a bit line in the flash memory
according to the first embodiment of the present invention;
[0022] FIG. 8isablock diagram of a flash memory accord-
ing to a second embodiment of the present invention;

[0023] FIG. 9 is a sectional view of the flash memory
according to the second embodiment of the present invention;
and

[0024] FIGS. 10to 14 are circuit diagrams of a sense ampli-
fier provided in a flash memory according to a third embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0025] Description will be given of a semiconductor
memory device according to a first embodiment of the present
invention. FIG. 1is a block diagram ofa NAND flash memory
according to the present embodiment.

[0026] As shown in FIG. 1, a NAND flash memory 1
includes a memory cell array 10, sense amplifiers 20, a row
decoder 30, a source line driver 40, a well driver 50, a bit line
driver 60, MOS transistors 70, a voltage generator 80, and a
control circuit 90.

[0027] The memory cell array 10 includes a plurality of
memory cell units 11 each having nonvolatile memory cells
connected in series. A word line is connected to a gate of each
memory cell. A bit line is connected to a drain of a memory
cell at one end of the memory cell unit. A source line is
connected to a source of a memory line at the other end.
[0028] For data reading, each of the sense amplifiers 20
senses and amplifies data read from a memory cell to the bit
line. For data writing, the sense amplifier 20 transfers write
data to the corresponding bit line.

[0029] The row decoder 30 selects a row direction of the
memory cell array 10. That is, the row decoder 30 selects a
word line.

[0030] The source line driver 40 applies a voltage to a
source line. For data reading, the source line driver 40 applies
a voltage VSS (0 V) to the source line.

[0031] The well driver 50 applies a voltage to a well region
in which the memory cell array 10 is formed. That is, the well
driver 50 applies a back gate bias for the memory cell.
[0032] Each of the MOS transistors 70 connects a corre-
sponding bit line and the corresponding sense amplifier 20.
That is, each of the MOS transistors 70 has a current path
connected to the corresponding bit line at one end and to the
corresponding sense amplifier 20 at the other end. Turning on
the MOS transistor 70 electrically connects the bit line to the
sense amplifier 20.
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[0033] The bit line driver 60 provides a voltage BLCLAMP
to a gate of the MOS transistor 70. The voltage BLCLAMP
provided by the bit line driver 60 turns on the MOS transistor
70.

[0034] The voltage generator 80 generates various volt-
ages. For example, for data writing, the voltage generator 80
generates a program voltage VPGM (for example, 20 V) and
an intermediate voltage VPASS. For data reading, the voltage
generator 80 generates a read voltage VCGR and a voltage
VREAD. For data erasure, the voltage generator 80 generates
an erase voltage VERA (for example, 20 V).

[0035] The control circuit 90 receives external addresses
and commands. In accordance with the received signal, the
control circuit 90 controls the operation of the voltage gen-
erator 80 and the like.

[0036] Now, the memory cell array 10 will be described in
detail with reference to FIG. 1. The memory cell array 10
includes a plurality of memory cell units 11 as previously
described. Each of the memory cell units 11 includes, for
example, 32 memory cell transistors MT (memory cells) and
select transistors ST1 and ST2. The memory cell transistor
MT includes a stack gate structure having a charge accumu-
lation layer (for example, a floating gate) formed on a semi-
conductor substrate with a gate insulating film interposed
therebetween and a control gate electrode formed on the
floating gate with an inter-gate insulating film interposed
therebetween. The number of memory cell transistors MT is
not limited to 32, but may be 8, 16, 64, 128, 256, or the like;
no limitation is imposed on the number of memory cell tran-
sistors MT. The adjacent memory cell transistors M T share a
source and a drain. The memory cell transistors MT are
arranged so that the current paths of the memory cell transis-
tors MT are connected in series between the select transistors
ST1 and ST2. A drain region at one end side of the memory
cell transistors MT connected in series is connected to a
source region of the select transistor ST1. A source region at
the other end side is connected to a drain region of the select
transistor ST2.

[0037] The control gate electrodes on the memory cell tran-
sistors MT in the same row are commonly connected to one of
word lines WL0 to WL31. Gates of the select transistors ST1
and ST2 in the same row are commonly connected to select
gate lines SGD and SGS, respectively. For simplification of
description, the word lines WLO to WL31 are hereinafter
simply referred to as a word line WL. Drains of the select
transistors ST1 in the same column in the memory cell array
10 are commonly connected to one of bit lines BL. Sources of
the select transistors ST2 are commonly connected to a cor-
responding source line SL. It is not always needed for both
select transistors ST1 and ST2 to be provided, and if the
NAND cells can be selected, only either of them may be
provided for this semiconductor memory device.

[0038] FIG.1 illustrates only the memory cell unit 11 posi-
tioned on one row. However, plural memory cell units 11 on
a plurality of rows may be disposed inside the memory cell
array 10. In this case, the memory cell units 11 on a same
column are connected to the same bit line BL. Data is written
into a plurality of memory cell transistors MTs connected to
the identical word line WL, at a time, and this writing unit is
referred to as apage. Further, a plurality of NAND cells on the
same row erase the data therein, at a time, and this erasing unit
is called memory block. Back gates of the memory cell tran-
sistors MT in the same memory block are connected together.
That is, the back gates are formed on the same well region.
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[0039] FIG. 2 is a sectional view taken along a bit line
direction of the NAND cell configured as described above. As
shown in the figure, an n-type well region 101 is formed in a
surface area of a p-type semiconductor substrate 100. A
p-type well region 102 is formed in a surface area of the
n-type well region 101. A gate insulating film 103 is formed
on the p-type well region 102. Gate electrodes of the memory
cell transistor MT and the select transistors ST1 and ST2 are
formed on the gate insulating film 103. The gate electrodes of
the memory cell transistor MT and select transistors ST1 and
ST2 have a polycrystalline silicon layer 104 formed on the
gate insulating film 103, an inter-gate insulating film 105
formed on the polycrystalline silicon layer 104, and a poly-
crystalline silicon layer 106 formed on the inter-gate insulat-
ing film 105. The inter-gate insulating film 105 is formed of,
for example, a silicon oxide film, or an ON film, an NO film,
or an ONO film that is a stack structure of silicon oxide and
silicon nitride films, or a stack structure containing any of
those films, or a stack structure of a TiO,, HfO,, Al,O,,
HfAlO,, or HfAISi film and a silicon oxide film or a silicon
nitride film. The gate insulating film 103 functions as a tunnel
insulating film.

[0040] In the memory cell transistor MT, the polycrystal-
line silicon layer 104 functions as a floating gate (FG). On the
other hand, the polycrystalline silicon layers 106 arranged
adjacent to each other in a direction orthogonal to the bit line
are connected together and function as a control gate elec-
trode (word line WL). In the select transistors ST1 and ST2,
the polycrystalline silicon layer 104 and 106 arranged adja-
cent to each other in the direction of the word lines are
connected together. The polycrystalline silicon layers 104
and 106 function as the select gate lines SGS and SGD. The
polycrystalline silicon layer 104 alone may be function as a
select gate line. In this case, the potentials of the polycrystal-
line silicon layers 106 in the select transistors ST1 and ST2
are fixed or in a floating state. An n*-impurity diffusion layer
107 is formed in a surface of the semiconductor substrate 100
which s positioned between the gate electrodes. The impurity
diffusion layer 107 is shared by the adjacent transistors and
functions as a source (S) or a drain (D). The area between the
source and drain arranged adjacent to each other functions as
a channel region in which electron moves. The gate elec-
trodes, the impurity diffusion layers 107, and the channel
region form the MOS transistor serving as the memory cell
transistors MT and the select transistors ST1 and ST2.

[0041] An inter-layer insulating film 108 is formed on the
semiconductor substrate 100 so as to cover the memory cell
transistors M T, and select transistors ST1 and ST2. A contact
plug CP1 is formed in the inter-layer insulating film 108 and
reaches the impurity diffusion layer (source) 107 in the
source-side select transistor ST2. A metal wiring layer 109 is
formed on the interlayer insulating film 108 and connected to
the contact plug CP1. The metal wiring layer 109 functions as
a part of the source line SL. A contact plug CP2 is formed in
the inter-layer insulating film 108 and reaches the impurity
diffusion layer (drain) 107 in the drain-side select transistor
ST1. A metal wiring layer 110 is formed on the interlayer
insulating film 108 and connected to the contact plug CP2.

[0042] An interlayer insulating film 111 is formed on the
interlayer insulating film 108 so as to cover the metal wiring
layers 109 and 110. A contact plug CP3 is formed in the
interlayer insulating film 111 and reaches the metal wiring
layer 110. A metal wiring layer 112 is formed on the interlayer
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insulating film 111 and connected to a plurality of the contact
plugs CP3. The metal wiring layer 112 functions as the bit line
BL.

[0043] The threshold distribution of the memory cell tran-
sistor MT will be described with reference to FIG. 3. FIG. 3 is
a graph showing a threshold voltage Vth on the abscissa and
the presence probability of the memory cell transistor MT on
the ordinate.

[0044] As shown in FIG. 3, each of the memory cell tran-
sistors MT can hold 8 levels of data (3-bit data). That is, the
memory cell transistor MT can hold eight types of data “0”,
“17, 27,437, ..., “7”, which correspond to the order of
increasing threshold voltage Vth. For the threshold voltage
Vth0 of “0” data in the memory cell transistor MT,
Vth0<V01. For the threshold voltage Vthl of “1” data,
V01<Vth1<V12. For the threshold voltage Vth2 of “2” data,
V12<Vth2<V23. For the threshold voltage Vth3 of “3” data,
V23<Vth3<V34. For the threshold voltage Vth4 of “4” data,
V34<Vth4<V45. For the threshold voltage Vth4 of “4” data,
V34<Vth4<V45. For the threshold voltage Vth5 of “5” data,
V45<Vth5<V56. For the threshold voltage Vth6 of “6” data,
V56<Vth6<V67. The threshold voltage Vth7 of “7” data,
V67<Vth7.

[0045] The data that can be held by the memory cell tran-
sistor MT is not limited to the 8 levels. For example, 2 levels
(1 bit data), 4 levels (2 bit data), or 16 levels (4 bit data) may
be used.

[0046] Now, the row decoder 30 will be described in detail
with reference to FIG. 1 again. For data writing and data
reading, the row decoder 30 selects any of the word lines WL
and applies voltages to the selected word line and unselected
word lines. For erasure, the row decoder 30 applies an erase
voltage VERA to the p-type well region 102 and a voltage
VSS to all the word lines WL. The row decoder 30 further
includes a word line driver 31.

[0047] For data reading, the word line driver 31 varies the
potential of the selected word line WL in conjunction with the
source line SL. The word line driver 31 generally includes a
current source circuit 32 and a variable resistance element 33.
An output node of the current source circuit 32 is connected to
one end of the resistance element 33 the other end of which is
connected to the source line SL. The potential of the connec-
tion node between the current source circuit 32 and the resis-
tance element 33 is applied to the selected word line WL. For
example, a read and verify voltage generator 7a disclosed in
Jpn. Pat. Appln. KOKAIT Publication No. H11-96783 may be
used as the word line driver 31. All the contents of this
reference are incorporated herein by reference.

[0048] Now, the well driver 50 will be described below in
detail. As shown in FIG. 1, the well driver 50 comprises MOS
transistors 51 to 53.

[0049] An erase signal ERA is input to a gate of the MOS
transistor 51 and has a current path connected to the p-type
well region 102 at one. The voltage VERA is applied to the
other end of the current path. The erase signal ERA is pro-
vided by, for example, the control circuit 90. During an erase
operation, the signal ERA is asserted to turn on the MOS
transistor 51.

[0050] A write signal WD is input to a gate of the MOS
transistor 52 and has a current path connected to the p-type
well region 102 at one. The voltage VSS is applied to the other
end of the current path. The write signal WD is provided by,
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for example, the control circuit 90. For data programming
during a write operation, the signal WD is asserted to turn on
the MOS transistor 52.

[0051] A read signal RD is input to a gate of the MOS
transistor 53 and has a current path connected to the p-type
well region 102 at one and connected to the source line SL at
the other end of the current path. The read signal RD is
provided by, for example, the control circuit 90. During a read
operation and for verification during a write operation, the
signal RD is asserted to turn on the MOS transistor 53.
[0052] Still referring to FIG. 1, the bit line driver 60 will be
described in detail. As shown in the figure, the bit line driver
60 generally includes a current source circuit 61, an n-channel
MOS transistor 62, and a variable resistance element 63. An
output node of the current source circuit 32 is connected to
one end of a current path of the MOS transistor 62. The other
end of the current path of the MOS transistor 62 is connected
to a gate of the MOS transistor 62. That is, the MOS transistor
62 functions as a diode element. One end of the resistance
element 63 is connected to the connection node between the
other end of the current path of the MOS transistor 62 and the
gate of the MOS transistor 62. The other end of the resistance
element 63 is connected to the source line SL.. The potential of
the connection node between the current source circuit 61 and
the MOS transistor 62 is provided to a gate of a MOS tran-
sistor 70 as a signal BLCLAMP.

[0053] Now, description will be given of a write operation,
a read operation, and an erase operation in the NAND flash
memory configured as described above, focusing on the
operation of the well driver 50.

<Write Operation>

[0054] First, the write operation will be described. The
write operation is performed by repeating a program opera-
tion and a verify operation. The program operation generates
apotential difference between a control gate and a channel of
the memory cell transistor MT and injecting a charge into the
charge accumulation layer in accordance with write data. The
case where charge is injected into the charge accumulation
layer to raise the threshold voltage of the memory cell tran-
sistor MT is hereinafter referred to as “0” programming. The
case where no charge is injected into the charge accumulation
layer to avoid changing the threshold voltage (in other words,
the charge injection is set at a level such that held data is
prevented from changing to a different level) is hereinafter
referred to as “1” programming. The verify operation reads
data after the program operation to check whether or not the
threshold voltage of the memory cell transistor MT has
reached a desired value. The verify operation is basically
similar to the read operation. Consequently, in the description
of the write operation, only the program operation will be
described.

[0055] FIG. 4 is a circuit diagram of the NAND cell 11 and
the well driver 50 during data programming. In an example
described below, the memory cell transistors M T connected
to the word line WL1 are programmed.

[0056] First, the row decoder 30 selects the word line WL1,
and applies the program voltage VPGM to the selected word
line WL1. The row decoder 30 applies the voltage VPASS to
the unselected word lines WL0 and WL2 to WL31. The row
decoder 30 applies the voltage VDD to the select gate line
SGD and applies the voltage VSS (0 V) to the select gate line
SGS.
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[0057] The sense amplifier 20 applies 0 V or VDD to the bit
lines BL via the current paths of the MOS transistors 70. That
is, the voltage VDD as a write voltage is applied to the bit lines
BL to which the memory cell transistors MT to be subjected
to the “1” programming are connected. The voltage VSS as a
write inhibition voltage is applied to the bit lines BL. to which
the memory cell transistors MT to be subjected to “0” pro-
gramming are connected.

[0058] In the well driver 50, the MOS transistors 51 and 53
are turned off, whereas the MOS transistor 52 is turned on. As
a result, the memory cell transistors MT and the select tran-
sistors ST1 and ST2 are provided with VSS as a back gate
bias.

[0059] The voltage VPGM is a high voltage required to
inject charge into charge accumulation layer, for example, 20
V. The voltage VPASS enables the memory cell transistor MT
to be turned on regardless of the held data. VPASS<VPGM.
[0060] As a result, the memory cell transistors MT are
turned on to form channels. That is, current paths are formed
through the memory cell transistors MT in the memory cell
unit 11 and energized. Since 0V is applied to the select gate
line SGS, the select transistor ST2 is in a cutoff state. In
contrast, the select transistor ST1 is in an on state or a cutoff
state depending on the write data.

[0061] To perform the “0” programming, the write voltage
(forexample, 0V) is applied to the bit line BL. Thus, the select
transistor ST1 is turned on to transfer O V provided to the bit
line BL to the channels in the memory cell transistors MT.
Then, in the memory cell transistors MT connected to the
selected word line WL1, the potential difference between the
gate and the channel becomes almost equal to VPGM, with
charge injected into the charge accumulation layer. This
raises the threshold voltage of the memory cell transistor MT
to perform the “0” programming.

[0062] To perform the “1” programming, a write inhibition
voltage VDD (>write voltage) is applied to the bit line to set
the select transistor ST1 to the cutoff state. Consequently, the
channels in the memory cell transistors MT in the memory
cell unit 11 are set to float electrically. Coupling with the gate
voltage (VPGM, VPASS) then raises the potential of the
channels. Thus, in the memory cell transistors MT connected
to the selected word line WL1, the potential difference
between the gate and channel is insufficient. This prevents
charge from being injected into the charge accumulation layer
(the amount of charge injected into the charge accumulation
layer is insufficient to change the held data). As a result, the
threshold voltage of the memory cell transistors MT remains
unchanged to allow the “1” programming to be performed.

<Read Operation>

[0063] Now, the data read operation will be described. The
verify operation is similar to the read operation described
below. FIG. 5 is acircuit diagram of the NAND cell 11 and the
well driver 50 during data programming. In an example
described below, the memory cell transistors M T connected
to the word line WL1 are subjected to reading.

[0064] First, the sense amplifier 20 precharges the bit lines
BL via the current paths of the MOS transistors 70.

[0065] The row decoder 30 selects the word line WL1, and
applies the read voltage VCGR to the selected word line WL1.
The row decoder 30 applies the voltage VREAD to the unse-
lected word lines WL0 and WL2 to WL31. The row decoder
30 applies the voltage VDD to the select gate line SGD and the
select gate line SGS.
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[0066] Inthe well driver 50, the MOS transistors 51 and 52
are turned off, whereas the MOS transistor 53 is turned on. As
a result, the back gates of the memory cell transistors MT and
the select transistors ST1 and ST2 are electrically connected
to the source line SL. That is, the back gate bias varies
depending on the potential of the source line SL..

[0067] The voltage VREAD turns on the memory cell tran-
sistors MT regardless of the held data. The voltage VCGR is
applied to the memory cell transistors that are reading targets
and varies depending on the data to be read. For example, the
voltage VCGR is set to V01 to read “0” data and setto V12 to
read “1”” data. The voltage applied to the select gate lines SGD
and SGS enables the select transistors ST1 and ST2 to be
turned on.

[0068] As a result, the memory cell transistors MT con-
nected to the unselected word lines WL0 and WL2 to WL31
are turned on to form channels. The select transistors ST1 and
ST2 are also turned on.

[0069] When holding data corresponding to a threshold
lower than the voltage VCGR, each of the memory cell tran-
sistors MT connected to the select word line WL1 is turned
on. The bit line BL is electrically connected to the source line
SL. That is, current flows from the bit line BL to the source
line SL. On the other hand, when holding data corresponding
to a threshold equal to or higher than the voltage VCGR, each
of the memory cell transistors MT connected to the select
word line WL1 is turned off. The bit line is electrically dis-
connected to the source line. That is, no current flows from the
bit line BL to the source line SL.

<Erase Operation>

[0070] Now, the data erase operation will be described.
[0071] FIG. 6 is a circuit diagram of the NAND cell 11 and
the well driver 50 during data erasing.

[0072] The row decoder 30 applies the voltage VSS to all
the word lines WL0 to WL31. The row decoder 30 further sets
the select gate lines SGD and SGS to, for example, float
electrically.

[0073] The bit lines BL and the source lines SL are also set
to float electrically.

[0074] Inthe well driver 50, the MOS transistors 52 and 53
are off, whereas the MOS transistor 51 is turned on. As a
result, the erase voltage VERA is applied to the memory cell
transistors MT and the select transistors ST1 and ST2 as a
back gate bias.

[0075] As a result, a potential difference occurs between
the gate of each of the memory cell transistors MT and the
p-type well region 102. Charge is thus emitted from the float-
ing gate to the well region 102. Thus, data is erased from all
the memory cell transistors MT in the same memory block.
The data erasure sets the threshold of each of the memory cell
transistors MT to a negative value.

[0076] As described above, the NAND flash memory
according to the memory cell transistor MT exerts an effect
(D).

[0077] (1) The adverse effect of a variation of the potential
of'the source line can be inhibited to improve the operational
reliability of the NAND flash memory (part 1).

[0078] As described above inthe BACKGROUND section,
a known method varies the potential of the word line in
conjunction with the potential of the source line. This tech-
nique can ensure the potential difference between the word
line and the source line to accurately read data even with a
variation in the potential of the source line.
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[0079] However, even this technique cannot correct the
dependence of the memory cell transistor MT on the back
gate bias. That is, the potential difference VBS between the
back gate (well region) and source of the memory cell tran-
sistor MT is affected by a variation in the potential of the
source line SL. For example, if the potential of the source line
SL rises by 300 mV, an back bias effect varies the threshold
voltage of the memory cell transistor MT by about 30 mV.
[0080] Inthis connection, with the configuration according
to the present embodiment, the well driver 50 includes the
MOS transistor 53, which electrically connects the source
line SL to the p-type well region 102 (back gate), in which the
memory cell array 10 is formed. During the data read opera-
tion and during the verification, the MOS transistor 53 short-
circuits the well region 102 and the source line SL. In other
words, during the read operation, the well driver 50 makes the
potential of the well region 102 equal to the potential finally
reached by the source line SL. by passing current from the bit
line BL to the source line SL. via the memory cell transistor
MT.

[0081] Consequently, the present embodiment can mini-
mize the adverse effect of the variation in the potential of the
source line SL. on the potential difference VBS. That is, the
variation in threshold voltage caused by the back bias effect
can be inhibited. This makes it possible to prevent possible
erroneous data reading, improving the operational reliability
of'the NAND flash memory. The present embodiment further
reduces the adverse effect of the variation in the potential of
the source line SL on the word line and the back gate to enable
a reduction in the distribution width of data. More specifi-
cally, in the threshold distribution shown in FIG. 3, the pos-
sible threshold voltage range of each data can be reduced.
This enables a reduction in the voltage required for data
programming or reading.

[0082] Moreover, the configuration according to the
present embodiment has the bit line driver 60. The bit line
driver 60 varies the potential of the signal BLCLAMP in
conjunction with the source line SL. In other words, the
potential of the bit line BL is varied in conjunction with the
source line SL. As a result, the potential of the bit line BL. also
becomes unlikely to be affected by the variation in the poten-
tial of the source line SL. This also contributes to preventing
possible erroneous reading and reducing the threshold distri-
bution width.

[0083] FIG.7is a timing chart showing temporal variations
in the potentials of the source line SL, the well region 102, the
word line WL, and the bit line BL (or the signal BLCLAMP)
during the reading operation in the NAND flash memory 1
according to the present embodiment. As shown in FIG. 7,
starting discharging of the bit line BL raises the potential of
the source line SL.. The configuration according to the present
embodiment, the potentials of the well region 102, the word
line WL, and the bit line BL. vary in the same manner as the
source line SL. In particular, the potential difference between
the source line SL and the well region 102 is almost fixed, and
the potentials of the source line ST and the well region 102 are
almost the same.

Second Embodiment

[0084] Now, description will be given of a semiconductor
memory device according to a second embodiment of the
present invention. The present embodiment corresponds to
the first embodiment applied to a NAND flash memory
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including a plurality of memory cell arrays. FIG. 8 is a block
diagram of a partial area of a NAND flash memory according
to the present embodiment.

[0085] As shown in FIG. 8, a NAND flash memory 1
includes memory cell arrays 10-1 and 10-2, sense amplifiers
20-1 and 20-2, row decoders 30-1 and 30-3, source line driv-
ers 40-1 and 40-2, the well driver 50, bit line drivers 60-1 and
60-2, and MOS transistors 70-1 and 70-2. The voltage gen-
erator 80 and the control circuit 90 are not shown in FIG. 8 but
are similar to those in the first embodiment.

[0086] The memory cell arrays 10-1 and 10-2 have a con-
figuration similar to that of the memory cell array 10
described in the first embodiment. However, the memory cell
arrays 10-1 and 10-2 are formed on the different p-type well
regions 102 and electrically separated from each other. The
well regions 102 on which the memory cell arrays 10-1 and
10-2 are formed are hereinafter referred to as well regions
102-1 and 102-2, respectively. The word line WL in the
memory cell array 10-1 is also electrically separated from the
word line in the memory cell array 10-2. This also applies to
the source line SL.

[0087] The sense amplifiers 20-1 and 20-2 have a configu-
ration similar to that of the sense amplifier 20, described in the
first embodiment. The sense amplifier 20-1 is connected to
the memory cell array 10-1 via the MOS transistor 70-1. The
sense amplifier 20-2 is connected to the memory cell array
10-2 via the MOS transistor 70-2.

[0088] The row decoders 30-1 and 30-2 have a configura-
tion similar to that of the row decoder 30, described in the first
embodiment. The row decoder 30-1 performs a select opera-
tion on the memory cell array 10-1. The row decoder 30-2
performs the select operation on the memory cell array 10-2.
[0089] The source line drivers 40-1 and 40-2 have a con-
figuration similar to that of the source driver 40, described in
the first embodiment. The source line drivers 40-1 and 40-2
provide voltages to the source lines of the memory cell arrays
10-1 and 10-2, respectively.

[0090] The bit line drivers 60-1 and 60-2 have a configura-
tion similar to that of the bit line driver 60, described in the
first embodiment. The bit line drivers 60-1 and 60-2 generate
the voltage BLCLLAMP in accordance with the source lines
SL of the memory cell arrays 10-1 and 10-2, respectively.
[0091] Gates of the MOS transistors 70-1 and 70-2 are
supplied with the signal BLCLAMP from the bit line drivers
60-1 and 60-2, respectively. That is, the signal BLCLAMP
input to the gate of the MOS transistor 70-1 varies in con-
junction with the source line of the memory cell array 10-1.
The signal BLCLLAMP input to the gate of the MOS transistor
70-2 varies in conjunction with the source line of the memory
cell array 10-2.

[0092] Now, the well driver 50 will be described. The well
driver 50 includes MOS transistors 51-1 to 53-1 and 51-2 to
53-2.

[0093] The MOS transistor 51-1 has a gate to which an
erase signal ERAL is input, and a current path connected to
the p-type well region 102-1 at one end, with the voltage
VERA applied to the other end of the current path. The erase
signal ERAL is asserted to erase data from the memory cell
array 10-1. That is, the MOS transistor 51-1 applies the volt-
age VERA to the well region 102-1 to erase the data from the
memory cell array 10-1.

[0094] The MOS transistor 51-2 has a gate to which an
erase signal ERA2 is input, and a current path connected to
the p-type well region 102-2 at one end, with the voltage
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VERA applied to the other end of the current path. The erase
signal ERA2 is asserted to erase data from the memory cell
array 10-2. That is, the MOS transistor 51-2 applies the volt-
age VERA to the well region 102-2 to erase the data from the
memory cell array 10-2.

[0095] The MOS transistor 52-1 has a gate to which a write
signal WD1 is input, and a current path connected to the
p-type well region 102-1 at one end, with the voltage VSS
applied to the other end of the current path. The write signal
WD1 is asserted to perform the write operation on the
memory cell array 10-1. That is, the MOS transistor 52-1
applies the voltage VSS to the well region 102-1 to perform
the write operation on the memory cell array 10-1.

[0096] The MOS transistor 52-2 has a gate to which a write
signal WD2 is input, and a current path connected to the
p-type well region 102-2 at one end, with the voltage VSS
applied to the other end of the current path. The write signal
WD2 is asserted to perform the write operation on the
memory cell array 10-2. That is, the MOS transistor 52-2
applies the voltage VSS to the well region 102-2 to perform
the write operation on the memory cell array 10-2.

[0097] The MOS transistor 53-1 has a gate to which a read
signal RD1 is input, and a current path connected to the p-type
well region 102-1 at one end and to the source line SL of the
memory cell array 10-1 at the other end. The read signal RD1
is asserted to perform the read operation on the memory cell
array 10-1. That is, the MOS transistor 53-1 short-circuits the
well region 102-1 and the source line SL of the memory cell
array 10-1 to perform the read operation on the memory cell
array 10-1.

[0098] The MOS transistor 53-2 has a gate to which a read
signal RD2 is input, and a current path connected to the p-type
well region 102-2 at one end and to the source line SL of the
memory cell array 10-2 at the other end. The read signal RD2
is asserted to perform the read operation on the memory cell
array 10-2. That is, the MOS transistor 53-2 short-circuits the
well region 102-2 and the source line SL of the memory cell
array 10-2 to perform the read operation on the memory cell
array 10-2.

[0099] FIG.9is a sectional view of the memory cell arrays
10-1and 10-2, provided in the NAND flash memory 1 accord-
ing to the present embodiment as well as peripheral circuit
areas. FIG. 9 shows the row decoders 30-1 and 30-2 as periph-
eral circuits. However, the peripheral circuits are not limited
to the row decoders 30-1 and 30-2.

[0100] As shown in FIG. 9, the n-type well region 102 is
formed in the p-type semiconductor substrate 100. The p-type
well regions 102-1 and 102-2 formed in a surface area of
n-type well region 102. The well regions 102-1 and 102-2 are
electrically separated from each other by, for example, an
element isolation area ST1. The memory cell transistors MT
and the select transistors ST1 and ST2, described in the first
embodiment, are formed on each of the well regions 102-1
and 102-2. A p-type impurity diffusion layer 120 is formed in
a surface area of each of the well regions 102-1 and 102-2.
Each of the well regions 102-1 and 102-2 is connected to the
well driver 50 via the diffusion layer 120.

[0101] An element area AA is formed in the semiconductor
substrate 100 and electrically separated from the well regions
102-1 and 102-2. For example, a high-withstand-voltage
MOS transistor TR included in each of the row decoders 30-1
and 30-2 is formed on the element area AA. The transistor TR
includes a gate electrode formed on a gate insulating film 130.
The gate insulating film 130 has a film thickness greater than
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that of the gate insulating film 103 in the memory cell tran-
sistor MT. The gate electrode has a stack gate structure simi-
larly to the memory cell transistor MT. That is, the gate
electrode includes a polycrystalline silicon layer 131 formed
on the gate insulating film 103, an inter-gate insulating film
132 formed on the polycrystalline silicon layer 131, and a
polycrystalline silicon layer 133 formed on the inter-gate
insulating film 132. The inter-gate insulating film 132 is
partly removed to connect the polycrystalline silicon layers
131 and 133 together. An n-type impurity diffusion layer 134
is formed in a surface area of the element area AA and func-
tions as a source and a drain of the MOS transistor TR.
[0102] As described above, the configuration described in
the first embodiment is also applicable to the NAND flash
memory having the plurality of memory cell arrays 10, exert-
ing the effect (1), described in the first embodiment. The
present embodiment further exerts an effect (2).

[0103] (2) The adverse effect of a variation in the potential
of'the source line can be inhibited to improve the operational
reliability of the NAND flash memory (part 2).

[0104] In a NAND flash memory including a plurality of
memory cell arrays formed in different well regions, the level
of a variation in the source line SL varies with the memory
cell array. Thus, in the present embodiment, a well voltage is
independently controlled for each memory cell array 10. The
potential of the well region 102-1, in which the memory cell
array 10-1 is formed, is varied in conjunction with the source
line of the memory cell array 10-1. The potential of the well
region 102-2, in which the memory cell array 10-2 is formed,
is varied in conjunction with the source line of the memory
cell array 10-2. This also applies to the voltage of the select
word line and the signal BLCLAMP.

[0105] The present configuration enables the voltages of
the well region 102, the word line WL, and the signal
BLCLAMP to be varied depending on the characteristics of
each memory cell array 10. As a result, even with a configu-
ration with a plurality of memory cell arrays, the adverse
effect of a variation in the potential of the source line can be
inhibited.

Third Embodiment

[0106] Now, description will be given of a semiconductor
memory device according to a third embodiment of the
present invention. The present embodiment relates to the
configuration and operation of the sense amplifier 20 in the
NAND flash memory according to the first and second
embodiments. Only the sense amplifier 20 will be described
below. The remaining parts of the configuration and operation
are similar to those in the first and second embodiments. FIG.
10 is a circuit diagram showing an example of the configura-
tion of the sense amplifier 20, used in the first and second
embodiments.

[0107] AsshowninFIG. 10, the sense amplifier 20 includes
switch elements 140 to 143, n-channel MOS transistors 144
and 146, a p-channel MOS transistor 147, a capacitor element
148, and a latch circuit 149.

[0108] The MOS transistor 144 has a current path one end
of which the voltage VDD is applied via the switch element
140. The other end of the current path is connected to a node
N1. A signal S1 input to the gate of the MOS transistor 144.
The node N1 is connected to the bit line BL via a current path
of the MOS transistor 70. One end of a current path of the
MOS transistor 146 is connected to a node N1 and the other
end of the current path is connected to anode N2. A gate of the
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MOS transistor 146 is provided with a signal S2. The node N2
is provided with the voltage VDD via the switch element 141.
One electrode of the capacitor element 148 is connected to the
node N2 and the other electrode is provided with the voltage
VSS. One end of a current path of the MOS transistor 147 is
provided with the voltage VDD via the switch element 142
and the other end of the current path is connected to the latch
circuit 149. A gate of the MOS transistor 147 is connected to
the node N2. The switch element 143 connects the bit line BL
to a voltage VSS node in accordance with data held in the
latch circuit 149.

[0109] With reference to FIGS. 11 to 14, description will be
given of a method of reading data using the sense amplifier 20
configured as described above. The state in which the
memory cell transistor MT is turned on for data reading is
hereinafter referred to as “1” reading. The state in which the
memory cell transistor MT is off for data reading is herein-
after referred to as “0” reading. During the read operation, the
signal S1 and S2 are setto (Vt+0.9V)and (Vt+1.2V), respec-
tively. Vt denotes a threshold voltage for the MOS transistors
144 and 146. The signal BLCLAMP is set to (Vt+0.7 V). Vt
denotes a threshold for the MOS transistor 70.

<“1” Reading>

[0110] First, the “1” reading will be described. First, as
shown in FIG. 11, the bit line BL is precharged. As shown in
the figure, the switch element 140 is turned on. Then, since the
NAND cell has been energized, current flows through the bit
line via the switch element 140, the current path of the MOS
transistor 144, node N1 and the current path of the MOS
transistor 70. As a result, the potential of the bit line is set to
about 0.7 V. That is, the potential of the bit line is fixed to 0.7
V, with current passed from the bit line BL to the source line
SL. Furthermore, the switch element 141 is turned on to
charge the capacitor element, setting the potential of the node
N2 to about 2.5 V. The switch elements 142 and 143 are off.
[0111] Then, as shown in FIG. 12, the node N2 is dis-
charged. That is, the switch element 141 is turned off. The
current flowing from the node N2 to the bit line BL. then
discharges the node N2, the potential of which lowers to about
09V.

[0112] As shown in FIG. 13, the node N2 is continuously
discharged. As shown in the figure, when the potential of the
node N1 starts to lower to at most 0.9 V, the MOS transistor
144 starts to supply current. As a result, the potential of the
node N1 is maintained at 0.9 V.

[0113] Then, as shown in FIG. 14, data is sensed. As shown
in the figure, since the potential of the node N2 is 0.9V, the
MOS transistor 147 is turned on. The latch circuit 149 thus
holds the voltage VDD. Since the latch circuit 149 holds
VDD, the switch element 140 is off, and the switch element
143 is turned on. This sets the potential of the node N2 to O V.
As aresult, the latch circuit 149 continues to hold the voltage
VDD. Furthermore, current flows from the bit line BL to the
VSS node via the switch element 143, setting the potential of
the bit line BL. to VSS (0 V).

<“0” Reading>

[0114] Now, description will be given of the case in which
the selected memory cell holds “0” data. In this case, no
current flows through the bit line BL, the potential of which is
thus fixed to 0.7 V. The potential of the node N2 is maintained
at about 2.5 V. Consequently, the MOS transistor 147 is off,
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and the latch circuit 149 holds the voltage VSS (0 V). Thus,
the switch element 140 is turned on, and the switch element
143 is oft. The potential of the node N2 is maintained at 2.5V,
and the latch circuit 149 holds the voltage VSS.

[0115] As described above, the use of the sense amplifier
described in the third embodiment exerts an effect (3) in
addition to the effects (1) and (2), described in the first and
second embodiments.

[0116] (3) The operation speed of the NAND flash memory
can be increased (part 3).

[0117] The sensor amplifier 20 according to the present
embodiment continues to pass current from the start of charg-
ing the bit line BL until the current is sensed. The current is
thus sensed to read the data. Consequently, when the current
is sensed, the potential of the bit line BL. is 0V (in the case of
the “1” reading) or 0.7 V (in the case of the “0” reading);
almost no variation occurs in the voltage. This eliminates the
need to shield the adjacent bit line BL, enabling data to be
simultaneously read from all the bit lines BL. This allows read
speed to be increased.

[0118] Furthermore, the reading method involving current
sensing performs reading while passing current through the
bit line BL, resulting in a relatively significant variation in the
potential of the source line SL. Thus, the operation shown in
FIGS. 12 to 14 is desirably performed a number of times. That
is, first, data is read from the memory cell transistors MT with
the bit lines BL through which current flows easily. The read
data is then confirmed. Data is then read from the remaining
memory cell transistors MT while avoiding discharging the
memory cell transistors M T with the data confirmed to reduce
noise.

[0119] However, in the NAND flash memory according to
the present embodiment, even with a significant variation in
the potential of the source line SL, VBS (back gate-source
voltage), VGS (gate-source voltage), and VDS (drain-source
voltage) are almost fixed. This is because the back gate bias,
the gate potential, and the drain potential vary in conjunction
with the source potential. As a result, the data can be con-
firmed by a single reading operation for all the bit lines BL.
This significantly improves the data reading operation.
[0120] As described above, the NAND flash memory
according to the first to third embodiments of the present
invention includes the plurality of memory cells formed on
the semiconductor layer 102 and each having the charge
accumulation layer 104 and the control gate 106 formed on
the charge accumulation layer 104; the word line WL con-
nected to the control gate 106 of each of the memory cells
MT; the bit line BL electrically connected to the drain 107(D)
of the memory cell MT; the source line SL electrically con-
nected to the source 107(S) of the memory cell MT; and driver
circuit 50 varying the potential of the semiconductor layer
102 in conjunction with the potential of the source line SL.
[0121] Consequently, the potential of the back gate of the
memory cell transistor MT varies together with the potential
of the source line SL. This makes it possible to inhibit pos-
sible erroneous reading even if the potential of the source line
SL varies significantly.

[0122] In the embodiments, the NAND flash memory has
been described by way of example. However, the above
embodiments are not limited to the NAND flash memory but
is widely applicable to, for example, other flash memories
such as NOR flash memories or semiconductor memories in
general other than the flash memories. Furthermore, in the
description of the embodiments, each of the memory cell
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transistors MT holds 3-bit data. However, the memory cell
transistor MT may hold 1-, 3-, or 4-bit data. The effects of the
above-described embodiments are particularly enhanced by
increasing the number of bits.

[0123] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

1. (canceled)

2. A semiconductor memory device comprising:

a first semiconductor layer provided in a surface area of a
semiconductor substrate;

afirst memory cell array formed on the first semiconductor
layer and having a plurality of first memory cells includ-
ing a charge accumulation layer and a control gate;

a second semiconductor layer provided in a surface area of
the semiconductor substrate and electrically separated
from the first semiconductor layer;

a second memory cell array formed on the second semi-
conductor layer and having a plurality of second
memory cells including a charge accumulation layer and
a control gate; and

a driver circuit which independently controls potentials of
the first semiconductor layer and the second semicon-
ductor layer, the driver circuit applying erase voltages to
the first and second semiconductor layers during an
erase operation, wherein

the erase voltages for the first and second semiconductor
layers are controlled by separate control signals inde-
pendently, and are applied to the first and second semi-
conductor layers.

3. The device according to claim 2, further comprising

a first word line connected to the control gate of the first
memory cell;

a first bit line electrically connected to a drain of the first
memory cell;

a first source line electrically connected to a source of the
first memory cell;

a second word line connected to the control gate of the
second memory cell;

a second bit line electrically connected to a drain of the
second memory cell; and

a second source line electrically connected to a source of
the second memory cell, wherein

the driver circuit varies potential of the first semiconductor
layer in conjunction with potential of the first source line
and varies potential of the second semiconductor layer in
conjunction with potential of the second source line.

4. The device according to claim 3, wherein

the driver circuit short-circuits the first semiconductor
layer and the first source line when data is read from the
first memory cell, and

short-circuits the second semiconductor layer and the sec-
ond source line when data is read from the second
memory cell.

5. The device according to claim 3, wherein

the driver circuit makes the potential of the first semicon-
ductor layer equal to the potential of the first source line
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finally reached by current flowing from the first memory
cell to the first source line when data is read from the first
memory cell, and

makes the potential of the second semiconductor layer
equal to the potential of the second source line finally
reached by current flowing from the second memory cell
to the second source line when data is read from the
second memory cell.

6. The device according to claim 3, wherein the driver

circuit comprises:

a first switch element which connects the first semiconduc-
tor layer to the first source line when data is read from the
first memory cell;

a second switch element which connects the second semi-
conductor layer to the second source line when data is
read from the second memory cell;

a third switch element which connects the first semicon-
ductor layer to a first potential node then data is written
to the first memory cell;

a fourth switch element which connects the second semi-
conductor layer to the first potential node when data is
written to the second memory cell;

a fifth switch element which connects the first semiconduc-
tor layer to a second potential node having a higher
positive potential than the first potential node when data
is erased from the first memory cell; and

a sixth switch element which connects the second semi-
conductor layer to the second potential node when data
is erased from the second memory cell.

7. The device according to claim 3, further comprising:

a bit line driver which varies potentials of the first and
second bit lines in conjunction with the first and second
source lines, respectively.

8. The device according to claim 3, further comprising:

a word line driver which varies potentials of the first and
second word lines in conjunction with the first and sec-
ond source lines, respectively.

9. The device according to claim 3, wherein

each of the first and second memory cells is configured to
hold data of at least 3 bits depending on a threshold
voltage.

10. The device according to claim 3, further comprising:

a first select transistor and a second select transistor which
are formed on the first semiconductor layer; and

a third select transistor and a fourth select transistor which
are formed on the second semiconductor layer, wherein

the plurality of first memory cells are connected in series
between a source of the first select transistor and a drain
of the second select transistor,

the first bit line is connected to a drain of the first select
transistor,

the first source line is connected to a source of the second
select transistor,

the plurality of second memory cells are connected in
series between a source of the third select transistor and
a drain of the fourth select transistor,

the second bit line is connected to a drain of the third select
transistor, and

the second source line is connected to a source of the fourth
select transistor.

11. The device according to claim 3, further comprising:

a first sense amplifier and a second sense amplifier which
read the data from the first and second memory cells,
respectively, wherein
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the first and second sense amplifiers continuously flow
current to the first and second bit lines, respectively,
during the data reading.

12. The device according to claim 3, wherein

the second bit line is electrically isolated from the first bit
line.

13. A semiconductor memory device comprising:

a first semiconductor layer provided in a surface area of a
semiconductor substrate;

afirst memory cell array formed on the first semiconductor
layer and having a plurality of first memory cells includ-
ing a charge accumulation layer and a control gate;

a second semiconductor layer provided in a surface area of
the semiconductor substrate and electrically separated
from the first semiconductor layer;

a second memory cell array formed on the second semi-
conductor layer and having a plurality of second
memory cells including a charge accumulation layer and
a control gate; and

a driver circuit which independently controls potentials of
the first semiconductor layer and the second semicon-
ductor layer, the driver circuit applying erase voltage to
one of the first and second semiconductor layers in erase
operation, without applying the erase voltage to other of
the first and second semiconductor layers.

14. The device according to claim 13, further comprising:

a first word line connected to the control gate of the first
memory cell;

a first bit line electrically connected to a drain of the first
memory cell;

a first source line electrically connected to a source of the
first memory cell;

a second word line connected to the control gate of the
second memory cell;

a second bit line electrically connected to a drain of the
second memory cell; and

a second source line electrically connected to a source of
the second memory cell, wherein

the driver circuit varies potential of the first semiconductor
layer in conjunction with potential of the first source line
and varies potential of the second semiconductor layer in
conjunction with potential of the second source line.

15. The device according to claim 14, wherein

the driver circuit short-circuits the first semiconductor
layer and the first source line when data is read from the
first memory cell, and

short-circuits the second semiconductor layer and the sec-
ond source line when data is read from the second
memory cell.

16. The device according to claim 14, wherein

the driver circuit makes the potential of the first semicon-
ductor layer equal to the potential of the first source line
finally reached by current flowing from the first memory
cell to the first source line when data is read from the first
memory cell, and

Nov. 25, 2010

makes the potential of the second semiconductor layer
equal to the potential of the second source line finally
reached by current flowing from the second memory cell
to the second source line when data is read from the
second memory cell.

17. The device according to claim 14, wherein the driver

circuit comprises:

a first switch element which connects the first semiconduc-
tor layer to the first source line when data is read from the
first memory cell;

a second switch element which connects the second semi-
conductor layer to the second source line when data is
read from the second memory cell;

a third switch element which connects the first semicon-
ductor layer to a first potential node then data is written
to the first memory cell;

a fourth switch element which connects the second semi-
conductor layer to the first potential node when data is
written to the second memory cell;

a fifth switch element which connects the first semiconduc-
tor layer to a second potential node having a higher
positive potential than the first potential node when data
is erased from the first memory cell; and

a sixth switch element which connects the second semi-
conductor layer to the second potential node when data
is erased from the second memory cell.

18. The device according to claim 14, further comprising:

a bit line driver which varies potentials of the first and
second bit lines in conjunction with the first and second
source lines, respectively.

19. The device according to claim 14, further comprising:

a word line driver which varies potentials of the first and
second word lines in conjunction with the first and sec-
ond source lines, respectively.

20. The device according to claim 14, further comprising:

a first select transistor and a second select transistor which
are formed on the first semiconductor layer; and

a third select transistor and a fourth select transistor which
are formed on the second semiconductor layer, wherein

the plurality of first memory cells are connected in series
between a source of the first select transistor and a drain
of the second select transistor,

the first bit line is connected to a drain of the first select
transistor,

the first source line is connected to a source of the second
select transistor,

the plurality of second memory cells are connected in
series between a source of the third select transistor and
a drain of the fourth select transistor,

the second bit line is connected to a drain of the third select
transistor, and

the second source line is connected to a source of the fourth
select transistor.

21. The device according to claim 14, wherein the second

bit line is electrically isolated from the first bit line.
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